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bstract
A study of the terrestrial BIR levels to estimate the excess lifetime cancer risk in Warri city has been carried out, using a Digilert
00 nuclear radiation monitor and a geographical positioning system (GPS) for GIS mapping. Monitoring of the terrestrial BIR levels
as carried out between May 2014 and June 2015, and the city was delineated into eight zones. The measured average exposure
ates ranged from 0.006 mRh−1 (0.51 mSvy−1) to 0.029 mRh−1 (2.49 mSvy−1) with an overall mean value of 0.016 ±  0.006 mRh−1
1.37 ±  0.47 mSvy−1). The estimated mean outdoor absorbed dose rate for each zone ranged from 121.90 ±  25.32 nGyh−1 in the
jamogha zone to 190.16 ±  51.60 nGyh−1 in the industrial zone, with a mean value of 141.30 ±  31.31 nGyh−1. The mean annual
ffective dose equivalent (AEDE) calculated was 0.17 ±  0.04 mSvy−1, while the mean excess lifetime cancer risk (ELCR) was
0.61 ±  0.14) ×  10−3 mSvy−1. The calculated dose to organs showed that the testes have the highest organ dose of 0.11 mSvy−1,
hile the liver has the lowest organ dose of 0.06 mSvy−1. The GIS maps of the study area revealed that exposure levels at 64
f the 94 sampling locations (68.1%) exceeded the world ambient standard levels of 0.013 mRh−1 (1.0 mSvy−1). recommended
y UNSCEAR; these values are higher than the values reported in the literature. However, these values may not constitute any
mmediate health risk to the residents of Warri city. The calculated excess lifetime cancer risk values indicate that the chance of
ontracting cancer for residents of the study area is low and at the effective dose from the present exposure rate to the adult organs
nvestigated is insignificant. 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
he CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction
Effurun and Warri in Delta state are two cities com-
monly called Warri city; they are known for their
commercial, industrial and socio-economic activities in
Nigeria. The majority of the social, economic and indus-
trial activities in Delta state occur in Warri city and its
environs instead of in the state capital Asaba; thus, Warri
is regarded as the commercial capital of Delta state. The
city is strategically located along the border between the
Eastern and Western regions of Nigeria, thereby serv-
ing as a transit and conference town. The location of
Warri sea port and the Warri refinery and petrochemical
company in the heart of the city makes it a commercial
centre, while the presence of hydrocarbons (oil and gas)
within the city and neighbouring areas means that many
oil and gas companies have their facilities (tank farms,
gas plants, oil and gas wells, maintenance workshops)
and offices in the city. These factors, coupled with the
presence of a naval base and army barracks, account for
the densely populated nature of Warri city. The city is the
fourth-most populated city in Nigeria, with a population
of over one million people [1].
Human activities in the city generate different forms
of wastes, which when improperly managed may cause
aesthetic nuisance, decrease the socio-economic value of
the city and pose a radiation health burden on the popu-
lace. Additionally, the activities of industries including
gas flaring in the refinery, crude oil spills in the oil and
gas installations, spills of imported toxic chemicals and
radionuclide materials for geological mapping, X-ray
welding and well logging and other industrial activities
can also increase the BIR levels of the city. Exposure to
Research has shown that exposure to ionizing radia-
tion can cause cancer and mental retardation in children
of mothers exposed to radiation during pregnancy. High
radiation doses may also cause other health effects
as listed by the NRC [3,4]. Avwiri also reported a
strong correlation between radiation exposure and health
hazards among the populace and workers in a given
environment [5]. Background ionization radiation can be
considered to be a form of environmental contamination,
especially when it exceeds safe occupational and pub-
lic health limits. External background ionizing radiation
comes from three major sources: terrestrial radiation,
cosmic radiation and anthropogenic radiation. In this
study, we are concerned with the terrestrial gamma BIR
levels in Warri city, which may be a combination of all
three sources of BIR.
Folland reported that the depletion of the ozone
layer due to human activities has increased the frac-
tion of cosmic rays that reach the earth’s surface,
thereby increasing background radiation levels [6]. Jibiri
reported in 1999 that an increase in background ioniz-
ing radiation from numerous sources has various health
consequences for the populace [7]. Farai and Jibiri
reported the outdoor gamma radiation exposure dose
rate for the eastern region of Nigeria to be between
0.025 and 0.08 Gyh−1 [8]. Akpabio also studied the
environmental radiation levels in Ikot-Ekpene, South-
South Nigeria, and reported that the levels in this area
are generally low [9]. However, a study of the terres-
trial radiation levels around oil and gas facilities in the
Ughelli region of Nigeria reported an average value
range of 12.00 ±  0.1 Rh−1 (5.33 ±  0.35 Sv/wk) to
22.00 ±  2.1 Rh−1 (9.79 ±  0.16 Sv/wk) in the oil field
−1Please cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
background radiation, which is present everywhere on
the Earth and in the atmosphere, may also add to radi-
ation exposure levels that may cause detrimental health
effects to residents [2].and 9.00 ±  1.0 to 11.00 ±  0.5 Rh in the surround-s lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
ing communities [5]. They concluded that although the
radiation values are within the levels established by inter-
national standards and are consistent with other reported
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alues in the country, the BIR levels in this area exceeded
ormal background levels. Various further studies later
ndicated a steady elevation of the BIR levels in the
rea [10–12]. In Pakistan, Rafique evaluated the excess
ifetime cancer risk from the measured BIR levels and
eported a mean indoor ELCR value of 1.629 ×  10−3 and
 mean outdoor value of 1.629 ×  10−3; the indoor value
s greater than the world average value of 780 Gy y−1
4]. Osimobi et al. monitored the background ionizing
adiation levels in some solid mineral mining sites in
nugu state and reported that the BIR levels were 38.5%
igher than the normal BIR level [13].
Warri city is one of the fastest-growing cities in the
outh-South region of Nigeria. It is quickly becoming
n urban mix city (residential/industrial areas are inter-
ingled) due to the influx of people coming to the city
or business activities and the rapid development of the
itherto-undeveloped areas in the city for both residen-
ial and industrial sites. The growing number of residents
nd industrial activities, the reported elevated BIR levels
n the oil facilities in the sister city of Ughelli [10–12]
nd the inadequate data on the BIR levels in the study
rea necessitated this research work. Additionally, no
nown gamma radiation level measurements have been
eported for the study area. Hence, the data presented
n this report represent the first such set of information
nd may serve as baseline data for the background radi-
tion levels in this area. Evaluation of hazard indices is
f immense importance because it will be very useful
n evaluating the radiological impact of BIR levels by
stimating the likelihood of developing various health
ffects associated with radiation exposure in the study
rea. The equivalent dose rate, the absorbed dose rate,
he annual effective dose equivalent rate (AEDE) and the
xcess life time cancer risk (ELCR) were estimated from
he measured gamma exposure levels.
.  Materials  and  method
This study was conducted between May 2014 and
une 2015, which represented the seasons’ transition
dry-to-wet) period. The area lies within longitude 5◦41′′
 and 5◦48′′ E and latitude 5◦30′′ N and 5◦36′′ N. The
ity was delineated into eight zones for easy coverage
uring the measurement, with seven zones classified as
rban/urban mix areas and one zone classified as an
ndustrial zone because of the concentration of industrial
ctivities in the area. Measurements were made in strate-Please cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
ic areas (specifically junctions and heavily-populated
reas) of Warri metropolis. An in  situ  approach of back-
round ionizing radiation measurement was adopted to
nable samples to maintain their original environmental PRESS
ty for Science xxx (2016) xxx–xxx 3
characteristics. A Digilert 100 nuclear radiation monitor
(S.E International, Inc., Summer Town, USA) contain-
ing a Geiger-Muller tube capable of detecting -, -,
- and X-rays, pre-set for -ray measurements, was
used within the temperature range of −10 to 50 ◦C, and
a geographical positioning system (GPS) was used to
measure the precise location of sampling. The assess-
ment was achieved using a factory calibrated Inspector
Digilert 100 Nuclear radiation meter (SN:35440, by
SE International, Inc., USA). The meter’s sensitivity is
3500 CPM/(mRh−1) relative to Cs-137, and its max-
imum alpha and beta efficiencies are 18% and 33%,
respectively. It has a halogen-quenched Geiger-Muller
detector tube with an effective diameter of 45 mm and
a mica window density of 1.5–2.0 mg cm−2 (inspector
alert operation manual).
The tube of the radiation monitoring metre was raised
to a standard height of 1.0 m above the ground [14,15]
with its window facing the suspected source while the
GPS reading was taken at that spot. Measurements were
repeated six times at each sampling site during different
months within the two seasons to account for any fluc-
tuation in the environmental parameters. Readings were
obtained between 1300 and 1600 h because the radiation
metre has a maximum response to environmental radi-
ation within these hours according to the NCRP [16].
The count rate per minute recorded by the metre was
converted to milliroentgen per hour (mRh−1) using the
relation:
Count rate per minute (CMP) =  10−3 roentgen ×  Q.F
(1)
where Q.F is the quality factor, which is equal to 1 for
external environments.
3.  Results  and  discussion
3.1.  Results
3.1.1.  Discussion  of  results
The results of the measured BIR exposure levels and
the calculated hazard indices for the eight delineated
zones that make up the Warri metropolis are presented
in Tables 1–9. Analyses using different known radia-
tion health hazard indices are used in radiation studies
to arrive at a more reliable assessment of the healths lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
risks to an irradiated person [17–20]. To assess the radia-
tion hazards associated with the gamma radiation levels
in Warri city, the following radiation hazard indices
were used: equivalent dose, absorbed dose rate, annual
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Table 1
Measured exposure rate and calculated hazard indices in Enerhen zone (1) of Warri city.
S/N Location Geographical
location
Average BIR
levels
(mRh−1)
Equivalent
dose rate
(mSvy−1)
Absorbed
dose rate
(Gyh−1)
Annual effective
dose equivalent
(mSvy−1)
Excess lifetime
cancer risk
(Svy−1)
1 Enerhen Junction N 05◦ 31.741′′
E 005◦ 46.431′′
0.018 1.51 156.60 0.19 0.67
2 Enerhen Junction 2 N 05◦31. 698′′
E005◦ 46.426′′
0.016 1.35 139.20 0.17 0.60
3 Mobile Filling
Station
N 05◦ 31. 699′′
E 005◦ 46.405′′
0.015 1.26 130.50 0.16 0.56
4 First Marine Gate
Junction
N 05◦ 31. 573′′
E 005◦ 46.412′′
0.015 1.26 130.50 0.16 0.56
5 Deco Junction N 05◦ 31. 324′′
E 005◦ 46.975′′
0.016 1.35 139.20 0.17 0.60
6 Hausa Quarters N 05◦ 31. 084′′
E 005◦ 45.806′′
0.020 1.68 174.00 0.21 0.75
7 Warri Garage N 05◦ 31. 057′′
E 005◦ 45.771′′
0.016 1.35 139.20 0.17 0.60
8 Ecobank N 05◦31. 972′′
E 005◦ 45.771′′
0.012 1.01 104.40 0.13 0.45
9 Kpokiti Junction N 05◦ 30.889′′
E 005◦ 45.070′′
0.014 1.18 121.80 0.15 0.52
10 Igbo Market N 05◦ 30. 857′′
E 005◦ 45.962′′
0.019 1.60 165.30 0.20 0.71
11 Main Market N 05◦ 30. 813′′
E 005◦ 44.766′′
0.012 1.01 104.40 0.13 0.45
12 Naval Base N 05◦ 30.943′′
E 005◦ 44.218′′
0.011 0.93 95.70 0.12 0.41
13 NPA N 05◦ 30. 983′′
E 005◦ 44.889′′
0.011 0.93 95.70 0.12 0.41
14 Itshekiri Junction N 05◦ 31. 281′′
E 005◦ 41.826′′
0.014 1.18 121.80 0.15 0.52
15 U-Port Junction N 05◦ 31. 99′′
E 005◦ 41.402′′
0.013 1.09 113.10 0.14 0.49
16 Uganbge N 05◦ 31. 681′′
E 005◦ 43.261′′
0.025 2.10 217.50 0.27 0.93
17 Ugbuwangwe
(under bridge)
N 05◦ 31. 701′′
E 005◦ 43.258′′
0.014 1.18 121.80 0.15 0.52
18 Eagle Junction N 05◦ 31. 721′′
E 005◦ 43.261′′
0.016 1.35 139.20 0.17 0.60
19 Ajumadaro N 05◦31.754′′
E 005◦ 43.666′′
0.018 1.51 156.60 0.19 0.67
20 Word of Life Bible
Church
N 05◦31. 715′′
E 005◦ 43.028′′
0.010 0.84 87.00 0.11 0.37
1.28 Mean value 0.015 ± 0.006 
equivalent dose rate, excess lifetime cancer risk and
effective dose to different organs.
3.1.1.1. Background  ionizing  radiation  (BIR)  expo-
sure levels.  The results of the BIR level measured
in the eight zones that make up the study area showPlease cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
that in the Enerhe zone (1), the BIR levels ranged
from 0.010 mRh−1 at the Word of Life Bible Church
gate to 0.025 mRh−1 in Ugbuwangwe Junction,
with a mean value of 0.015 ±  0.006 mRh−1. In the± 0.004 130.50 ± 25.00 0.16 ± 0.05 0.56 ± 0.08
Ajamogha zone (2), the BIR levels ranged from
0.010 mRh−1 to 0.0210.005 mRh−1 with a mean value
of 0.014 ±  0.006 mRh−1. The BIR levels ranged from
0.015 mRh−1 to 0.022 mRh−1 with a mean value of
0.018 ±  0.006 mRh−1 in the Water Resources zone
(3), while in the Effurun zone (4), the BIR value
−1 −1s lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
ranged from 0.012 mRh to 0.026 mRh with a mean
value of 0.018 ±  0.006 mRh−1. The mean exposure
values for the Jeddo zone (5), the PTI zone (6), the
East-West/Sapele Road zone (7) and the Industrial zone
Please cite this article in press as: A.O. Ezekiel. Assessment of excess lifetime cancer risk from gamma radiation levels in Effurun
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), http://dx.doi.org/10.1016/j.jtusci.2016.03.007
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Table 2
Measured exposure rate and calculated hazard indices in Ajamogha zone (2) of Warri city.
S/N Location Geographical
location
(GPS)
Average
reading
(mRh−1)
Equivalent
dose
(mSvy1)
Absorbed
dose rate
(Gyh−1)
Annual effective
dose equivalent
(mSvy−1)
Excess lifetime
cancer risk
(Svy−1)
1 Ajamoga Road/street N 05◦31. 580′′
E 005 44.590′′
0.010 0.84 87.00 0.11 0.37
2 Okere Round/about N 05◦31. 582′′
E005 44.672′′
0.010 0.84 87.00 0.11 0.37
3 Estate
Junction/Round
about
N 05◦31. 745′′
E 005 44.811′′
0.014 1.18 121.80 0.15 0.52
4 Cinema site N 05◦31. 744′′
E 005 44.811′′
0.012 1.01 104.40 0.13 0.45
5 Cinema round About N 05◦31. 665′′
E 005 44.160′′
0.021 1.77 182.7 0.22 0.78
6 Idama Hotel N 05◦31.592′′
E 005 44.118′′
0.015 1.26 130.50 0.16 0.56
7 Platini Fast Food N 05◦31. 621′′
E 005 44.995′′
0.012 1.01 104.40 0.13 0.45
8 Eburu Junction N 05◦31. 647′′
E 005 44.274′′
0.016 1.35 139.20 0.17 0.60
9 Ojagbugbe Junction N 05◦31. 634′′
E 005 44.337′′
0.016 1.35 139.20 0.17 0.60
10 Daniel’s Club N 05◦31. 582′′
E 005 45.680′′
0.013 1.10 113.10 0.14 0.49
Mean value 0.014 ± 0.005 1.17 ± 0.06 121.90 ± 25.32 0.15 ± 0.03 0.52 ± 0.06
Table 3
Measured exposure rate and calculated hazard indices in water resources zone (3) of Warri city.
S/N Location Geographic
location
(GPS)
Av. BIR
levels
(mRh−1)
Equivalent
dose
(mSvy−1)
Absorbed
dose rate
(Gyh−1)
Annual effective
dose equivalent
(mSvy−1)
Excess lifetime
cancer risk
(Svy−1)
1 Sizzlers Fast Food
(Avenue)
N05◦ 31.451′′
E005◦ 45.341′′
0.019 1.60 165.30 0.20 0.71
2 Mudiaga Junction N05◦ 31.472′′
E005◦ 45.221′′
0.015 1.26 130.50 0.16 0.56
3 Robinson Plaza N05◦ 31.652′′
E005◦ 45.432′′
0.018 1.51 156.60 0.19 0.67
4 Willy Junction N05◦ 31.155′′
E005◦ 45. 981′′
0.019 1.60 165.30 0.20 0.71
5 FSP Junction
(Okada village)
N05◦ 31.760′′
E005◦ 45.391′′
0.022 1.85 191.40 0.23 0.82
6 Emeh Junction N05◦ 31.545′′
E005◦46.432′′
0.022 1.85 191.40 0.23 0.82
7 Urhobo College
Junction
N05◦ 31.342′′
E005◦ 46.265′′
0.016 1.35 139.20 0.17 0.60
8 Glo Office N05◦ 32.754′′
E005◦46.432′′
0.015 1.26 130.50 0.16 0.56
9 Water Resources N05◦ 32.767′′
E005◦ 46.422′′
0.019 1.60 165.60 0.20 0.71
10 Airport Junction N05◦ 32.098′′
E005◦46.065′′
0.015 1.26 130.50 0.16 0.56
Mean value 0.018 ± 0.006 1.51 ± 0.04 156.60 ± 28.30 0.19 ± 0.007 0.67 ± 0.05
Please cite this article in press as: A.O. Ezekiel. Assessment of excess lifetime cancer risk from gamma radiation levels in Effurun
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Table 4
Measured exposure rate and calculated hazard indices in Effurun zone (4) of Warri city.
S/N Location Geographical
location
(GPS)
Av.BIR
levels
(mRh−1)
Equivalent
dose
(mSvy−1)
Absorbed
dose rate
(Gyh−1)
Annual effective
dose equivalent
(mSvy−1)
Excess lifetime
cancer risk
(Svy−1)
1 Sedo Junction N05◦ 33.545′′
E005◦46.298′′
0.012 1.01 104.40 0.13 0.45
2 Jakpa Junction N05◦ 33.666′′
E005◦47.231′′
0.013 1.10 113.10 0.14 0.49
3 Okoloba Junction N05◦ 33.551′′
E005◦47.322′′
0.016 1.35 139.20 0.17 0.60
4 7up SPOT (GTB) N05◦ 33.784′′
E005◦47.455′′
0.018 1.51 156.60 0.19 0.67
5 Refinery Junction N05◦ 33.889′′
E005◦47.654′′
0.026 2.19 226.20 0.28 0.97
6 Effurun Round About N05◦ 33.589′′
E005◦47.623′′
0.021 1.77 191.40 0.23 0.82
7 Mechanic Village N05◦ 33.764′′
E005◦47.353′′
0.019 1.60 165.30 0.20 0.71
8 Ekpan Round About N05◦ 33.097′′
E005◦48.441′′
0.020 1.68 174.00 0.21 0.75
9 NNPC Staff Club N 05◦33.876′′
E005◦48.442′′
0.015 1.26 130.50 0.16 0.56
10 A.J Fast Food N 05◦33.761′′
E005◦47.701′′
0.020 1.68 174.00 0.21 0.75
Mean value 0.018 ± 0.006 1.52 ± 0.05 157.47 ± 29.20 0.19 ± 0.04 0.68 ± 0.05
Table 5
Measured exposure rate and calculated hazard indices in Jeddo zone (5) of Warri city.
S/N Location Geographical
location
Average BIR
levels
(mRh−1)
Equivalent
dose
(mSvy−1)
Absorbed
dose rate
(Gyh−1)
Annual effective
dose equivalent
(mSvy−1)
Excess lifetime
cancer risk
(Svy−1)
1 Refinery (Traffic light) N05◦34.543′′
E005◦47.344′′
0.016 1.68 139.20 0.17 0.60
2 Hotel Excel N05◦ 34.762′′
E005◦46.667′′
0.016 1.35 139.20 0.17 0.60
3 Aka Avenue Junction N 05◦34.659′′
E005◦46.432′′
0.014 1.18 121.80 0.15 0.52
4 Casa-de-Pedro Hotel
Annex
N 05◦34.123′′
E 005◦46.34′′
0.006 0.51 52.20 0.06 0.22
5 Old Pepsi Depot N 05◦34.217′′
E005◦46.114′′
0.012 1.01 104.4 0.13 0.45
6 NNPC Mega Station N 05◦34.881′′
E005◦46.549′′
0.014 1.18 121.80 0.15 0.52
7 Fretel Plaza N 05◦34.535′′
E005◦46.312′′
0.013 1.10 113.10 0.14 0.49
8 WinasNite Club N 05◦34.632′′
E005◦46.238′′
0.017 1.43 147.90 0.18 0.63
9 Isagolo N 05◦35.772
′′
E005◦47.472′′
0.016 1.35 139.20 0.17 0.60
10 Jeddo Junction N 05◦35.871′′
E005◦47.559′′
0.022 1.85 191.40 0.23 0.82
11 Express Bridge N 05◦35.329′′
E005◦47.117′′
0.016 1.35 139.20 0.17 0.60
Mean value 0.015 ± 0.006 1.27 ± 0.30 130.50 ± 28.23 0.16 ± 0.007 0.56 ± 0.01
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Table 6
Measured exposure rate and calculated hazard indices in PTI zone (6) of Warri city.
S/N Location Geographic
location
Average BIR
level
(mRh−1)
Equivalent
dose
(mSvy−1)
Absorbed
dose rate
(Gyh−1)
Annual effective
dose equivalent
(mSvy−1)
Excess lifetime
cancer risk
(Svy−1)
1 Jakpa R/About N05◦ 33.541′′
E005◦ 47.456′′
0.016 1.35 139.20 0.17 0.60
2 Effurun Market N05◦ 33.453′′
E005◦ 47.342′′
0.019 1.60 165.30 0.21 0.71
3 Alegbo Junction N05◦ 33.409′′
E005◦ 47.239′′
0.010 0.84 87.00 0.11 0.37
4 Uti Junction N05◦ 33.379′′
E005◦ 47.312′′
0.012 1.01 104.40 0.14 0.45
5 Ovie Palace N05◦ 33.566′′
E005◦ 47.459′′
0.019 1.60 165.30 0.20 0.71
6 Agholokpe N05◦ 33.428′′
E005◦ 47.340′′
0.023 1.93 200.10 0.25 0.86
7 Masoje Junction N05◦ 33.128′′
E005◦ 47.109′′
0.007 0.59 60.90 0.07 0.26
8 PTI Gate N05◦ 33.447
′′
E005◦ 47.345′′
0.011 0.93 95.70 0.12 0.41
9 Jefia Estate Rd N05◦ 34.406′′
E005◦ 47.209′′
0.015 1.26 130.50 0.16 0.56
10 PTI Junction N05◦ 34.541′′
E005◦ 47.124′′
0.010 0.84 87.00 0.11 0.37
11 Mofor Park/Garage N05◦ 33.198′′
E005◦ 47.103′′
0.013 1.10 113.10 0.14 0.49
M 1.19 
(
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o
aean value 0.014 ± 0.005 
8) are 0.015 ±  0.006 mRh−1, 0.014 ±  0.005 mRh−1,
.014 ±  0.004 mRh−1 and 0.022 ±  0.006 mRh−1,
espectively. The mean values obtained in all of the
ones are all above the world average BIR level of
.013 mRh−1; this indicates that the BIR levels in Warri
ity are elevated. The highest BIR level of 0.029 mRh−1,
easured consistently at Warri Refinery and Petro-
hemical Company (WRPC), can be attributed to the
rude oil products and the refined petroleum products
tored in the tanks there, which contain some naturally
ccurring radionuclides (NORM), as do the chemicals
roduced and used by the company. The relative high
alues measured in the industrial zone indicate that the
ompanies in this area utilize materials that increase the
IR level of the environment. The relative high mean
alue recorded in the Water Resources and Effurun
ones may be attributed to the urban mix nature of
hese zones, where companies and factories sandwich
esidential areas. These companies may be using
aterials that elevate the BIR exposure levels in thePlease cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
mmediate environment, such as the paint processing
ompany in the airport area. The lowest BIR level
f 0.006 mRh−1 obtained at the Casa de Pedro Hotel
nnex may be attributed to the secluded environment± 0.09 122.59 ± 30.20 0.15 ± 0.005 0.53 ± 0.008
where the hotel is located. The GIS map of the average
measured BIR levels is shown in Fig. 1. It allows for
rapid identification of the areas or sampling points
where BIR levels exceeded the worldwide average. The
average BIR levels obtained in this study are similar to
reported values in other areas of Nigeria and in some
parts of the world: Avwiri et al. in the Ughelli region of
Nigeria [5], Akpabia et al. in Ikot Ekpene South-South
Nigeria [9], Farai and Jibiri in Western Nigeria [8],
Rafique et al. in Jhelum valley in Pakistan [4], in Turkey
by Erees et al. [27] and in Japan by Chikasawa et al.
[28] (Fig. 2).
3.1.1.2. Equivalent  dose  rate.  To estimate the whole
body equivalent dose rate over a period of one year, we
used the National Council on Radiation Protection and
Measurement’s recommendation [15]:
1 mRh−1 = 0.96 ×  24 ×  365
100
mSvy−1 (2)s lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
The results of the calculated whole body equivalent
dose rate are presented in column 5 of Tables 1–8. The
results obtained indicate mean values of 1.28 ± 0.50,
1.17 ±  0.40, 1.51 ±  0.50 and 1.52 ±  0.60 mSvy−1 for
Please cite this article in press as: A.O. Ezekiel. Assessment of excess lifetime cancer risk from gamma radiation levels in Effurun
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), http://dx.doi.org/10.1016/j.jtusci.2016.03.007
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Table 7
Measured exposure rate and calculated hazard indices east-west/Sapele Road zone (7) of Warri city.
S/N Location Geographical
location
Av. BIR
levels
(mRh−1)
Equivalent
dose
(mSvy−1)
Absorbed
dose rate
(Gyh−1)
Annual effective
dose equivalent
(mSvy−1)
Excess lifetime
cancer risk
(Svy−1)
1 Someni Ltd N 05◦33.870′′
E005◦ 47.671′′
0.013 1.10 113.10 0.14 0.49
2 Wellington Hotel N 05◦ 33.762′′
E 005◦ 47.31′′
0.008 0.67 69.60 0.09 0.30
3 Woodridge Hotel N05◦ 36. 425′′
E005◦ 42.56′′
0.011 0.93 95.70 0.12 0.41
4 DSC Roundabout N05◦ 36.451′′
E005◦ 42.325′′
0.023 1.93 200.10 0.25 0.86
5 Conoil Filling Station N 05◦ 36.990′′
E 005◦ 42.642′′
0.018 1.51 156.60 0.19 0.67
6 Ugbomro Junction N 05◦ 36.700′′
E 005◦ 42.463′′
0.012 1.01 104.40 0.13 0.45
7 Otukutu Bridge N 05◦ 36.892′′
E 005◦ 42.328′′
0.008 0.67 69.70 0.09 0.30
8 Mofor Roundabout N 05◦ 32.446′′
E 005◦45.322′′
0.016 1.35 139.20 0.17 0.60
9 Hotel De Mark Gate N05◦ 33.873′′
E005◦ 47.499′′
0.017 1.43 147.90 0.18 0.63
10 Airport Junction N05◦ 33.762′′
E005◦ 47.227′′
0.014 1.18 121.80 0.15 0.52
11 Mom Civic Center N05◦ 33.777′′
E005◦ 47.456′′
0.010 0.84 87.00 0.11 0.37
12 Greener Line Park N05◦ 33.675′′
E005◦ 47.456′′
0.022 1.85 191.40 0.23 0.82
13 Odigbo Junction N05◦ 33.676′′
E005◦ 47.346′′
0.012 1.01 104.40 0.13 0.45
14 Zenith Bank N05◦ 33.098′′
E005◦ 47.067′′
0.016 1.35 139.20 0.17 0.60
15 Padisco/Multilinks Office N05◦ 33.260′′
E005◦ 47.215′′
0.008 0.67 69.70 0.09 0.30
Mean value 0.014 ± 0.004 1.18 ± 0.50 120.65 ± 32.60 0.15 ± 0.04 0.52 ± 0.07
Table 8
Measured exposure rate and calculated hazard indices in industrial zone (8) of Warri city.
S/N Location Geographical
location
Average BIR
levels
(mRh−1)
Equivalent
dose rate
(mSvy−1)
Absorbed
dose rate
(Gyh−1)
Annual effective
dose equivalent
(mSvy−1)
Excess lifetime
cancer risk
(Svy−1)
1 Shell Gate N05◦30.542′′
E005◦44.346′′
0.022 1.85 191.40 0.23 0.81
2 Shell Edjeba N 05◦ 31.679′′
E005◦46.445′′
0.019 1.60 165.30 0.20 0.70
3 WRPC N05◦ 32. 428′′
E005◦45.221′′
0.029 2.49 252.30 0.31 1.09
4 NPA Premises N05◦ 30. 655′′
E005◦47.320′′
0.020 1.68 174.00 0.21 0.74
5 Someni Welding Factory N05◦ 33. 687′′
E005◦44.442′′
0.024 2.02 208.80 0.26 0.91
6 Protea Hotel N 05◦ 30.666′′
E005◦44.442′′
0.020 1.68 174.00 0.21 0.74
7 DPR N005◦34.448′′
E005◦41.347′′
0.019 1.60 165.30 0.20 0.70
Total mean value 0.022 ± 0.006 1.84 ± 0.50 190.16 ± 51.6 0.20 ± 0.06 0.81 ± 0.21
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Table 9
Summary of the BIR exposure rate and the estimated hazard indices in Warri city.
Mapped area Mean BIR
exposure rate
(mRh−1)
Mean equivalent
dose rate
(mSvy−1)
Absorbed
dose rate
(Gyh−1)
Annual effective
dose equivalent
(mSvy−1)
Excess lifetime
cancer risk
(Svy−1)
Enerhen zone (1) 0.015 ± 0.006 1.28 ± 0.50 130.50 ± 25.00 0.16 ± 0.03 0.56 ± 0.10
Ajamoga zone (2) 0.014 ± 0.005 1.17 ± 0.40 121.90 ± 25.32 0.15 ± 0.03 0.52 ± 0.10
Water resources zone (3) 0.018 ± 0.006 1.51 ± 0.50 156.60 ± 28.30 0.19 ± 0.04 0.67 ± 0.14
Effurun zone (4) 0.018 ± 0.007 1.52 ± 0.60 157.47 ± 29.20 0.19 ± 0.04 0.68 ± 0.14
Jeddo zone (5) 0.015 ± 0.006 1.27 ± 0.51 130.50 ± 28.23 0.16 ± 0.04 0.56 ± 0.14
PTI zone (6) 0.014 ± 0.005 1.19 ± 0.40 122.59 ± 30.20 0.15 ± 0.04 0.53 ± 0.14
East-West/Sapele Road zone (7) 0.014 ± 0.004 1.18 ± 0.34 120.65 ± 32.60 0.15 ± 0.04 0.52 ± 0.14
Industrial zone (8) 0.022 ± 0.006 1.84 ± 0.50 190.16 ± 51.60 0.20 ± 0.06 0.81 ± 0.21
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1otal mean 0.016 ± 0.006 1.37 ± 0.
orld standard 0.013 1.00 
he Enerhe, Ajamogha, Water Resources and Effu-
un zones, respectively. The obtained values for
he Jeddo, PTI Road, and East-West/Sapele Road
ones are 1.27 ±  0.51, 1.19 ±  0.40, 1.18 ±  0.34 and
.84 ±  0.50 mSvy−1, respectively. The computed equiv-
lent dose rates obtained for all seven residential
ones are well above the standard permissible limit of
.0 mSvy−1 for the public, while for the industrial zone,
he value obtained is also above the recommended occu-
ational permissible limit of 1.5 mSvy−1 [21]. These
alues are in agreement with those obtained in previous
tudies of the Niger Delta environment [5,9–12,15,22]
ut higher than values reported in some countries of the
orld [24,25,27,28], which suggests that the environ-
ent is radiologically contaminated.
.1.2. Absorbed  dose  rate
The data obtained for the external exposure rate in
Rh−1 were also converted into absorbed dose rates
Gyh−1 using the conversion factor [4]
 Rh−1 =  8.7 Gyh−1 = 8.7 ×  10
−3
(1/8760 y) Gyy
−1
=  76.212 Gyy−1 (3)
The results of the gamma radiation absorbed dose
ates for the eight zones in the Warri metropolis are pre-
ented in column 6 of Tables 1–8. The results obtained
ndicate mean values of 130.50 ±  25.00, 121.90 ±  25.32,
56.60 ±  28.30 and 157.47 ±  29.20 nGyh−1 for the
nerhe, Ajamogha, Water Resources and EffurunPlease cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
ones, respectively. The obtained values for the Jeddo,
TI road, and East-West/Sapele Road zones were
30.50 ±  28.23, 122.59 ±  30.20, 120.65 ±  32.60 and
90.16 ±  51.60 nGyh−1, respectively, resulting in141.30 ± 31.31 0.17 ± 0.04 0.61 ± 0.14
59.00 0.07 0.29 mSvy−1
an overall mean absorbed dose rate for all zones of
141.30 ±  31.31 nGyh−1. The mean gamma absorbed
dose rates for the Warri metropolis in the study area
are higher than the values previously reported by
Rafique [23] of 81.61 nGyh−1 for Muzaffarabad and
102.70 nGyh−1 for Poonch in Turkey [24] and the
Greek population value of 32 nGyh−1 [25]. They are
also higher than the values reported in some part of
the world as documented in the UNSCEAR (2000)
report [26]. These countries include New Zealand
(20 nGyh−1), the United States (38 nGyh−1), the
United Kingdom (60 nGyh−1), Poland (67 nGyh−1),
Norway (80 nGyh−1), China (100 nGyh−1), Portugal
(102 nGyh−1) and Italy (105 nGyh−1) [26]. How-
ever, the gamma dose rates obtained in this study
are similar to the range of values reported in
Turkey (78.30–135.70 nGyh−1) [27] and Japan
(13.8–187.0 nGyh−1 [28] and 75.0–509.38 nGyh−1
[29]). The mean value obtained in this city is higher
than the world population weighted average gamma
dose rate value of 59 nGyh−1 [26]. Figs. 3 and 4
show the correlation of the obtained absorbed dose
rate in Enerhe zone 1 with the values obtained in the
East-West/Sapele road zone and the correlation of the
values obtained in Enerhe zone 1 with values of the
absorbed dose rate estimated in the Industrial zone
of Warri city. The correlation expression obtained
is y  = −0.299x  + 159.15 with a regression value of
R2 = 0.0303 for the Enerhe/East-West/Sapele road cor-
relation, while the correlation of the Enerhe zone with
the Industrial zone expression of y  = −0.6304x  + 281.05
is R2 = 0.0994. These regression values show that theres lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
is not a strong correlation between the different zones,
which indicates that the sources of the BIR levels from
which the absorbed doses were calculated vary between
the zones.
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 with BIFig. 1. GIS map of the study area showing sampled points
3.1.3.  The  annual  effective  dose  equivalent  (AEDE)
The computed absorbed dose rates were used to
calculate the annual effective dose equivalent (AEDE)
received by residents living in the study area. For the
calculation of the AEDE, we used the dose conver-
sion factor of 0.7 Sv/Gy recommended by UNSCEAR
for the conversion coefficient from the absorbed dosePlease cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
in air to the effective dose received by adults and
an occupancy factor of 0.2 for outdoor exposure
[30].R exposure rate within or above world normal BIR levels.
The annual effective dose equivalent was determined
using the equation
AEDE (Outdoor) (mSvy−1)
=  Absorbed dose (nGyh−1) ×  8760 h ×  0.7 Sv/Gy ×  0.2
=  Absorbed dose (nGyh−1) ×  1.2264 ×  10−3 (4)s lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
The computed annual effective dose equivalents
indicate mean values of 0.16 ±  0.03, 0.15 ±  0.03,
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.19 ±  0.04 and 0.19 ±  0.04 mSvy−1 for the Enerhe,
jamogha, Water Resources and Effurun zones, respec-Please cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
ively, while the mean values for the Jeddo, PTI road,
nd East-West/Sapele Road zones are 0.16 ±  0.04,
.15 ±  0.04, 0.15 ±  0.04 and 0.20 ±  0.06 mSvy−1,
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respectively, resulting in an overall mean annual
equivalent dose rate of 0.17 ±  0.04 mSvy−1. Theses lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
annual effective dose equivalent values are similar to the
values reported in Al-Rakkah, Saudi Arabia [31]. The
worldwide average annual effective dose is 0.41 mSv,
y = -0.630 4x + 281.05
R² = 0.0994
150 200 250
bed Dose Rat e ( ^(− )
nerhe zone 1 and Industrial zone 8 in Warri City.
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of which 0.07 mSvy−1 is from outdoor exposure and
0.34 mSvy−1 is from indoor exposure [25,29,31].
The values obtained in this study are well above the
world average annual effective dose level for outdoor
environments, which is an indication of radiological
contamination of Warri city.
3.1.4. Excess  lifetime  cancer  risk  (ELCR)
The excess lifetime cancer risk (ELCR) was esti-
mated based on the computed values of AEDE, using
the equation
ELCR (mSvy−1)
= AEDE ×  average duration of life (DL)
× risk factor (RF) (5)
where AEDE is the annual effective dose equivalent, DL
is duration of life (70 years) and RF is the fatal cancer
risk factor (Sv−1). For low-dose background radiation,
which is considered to produce stochastic effects, ICRP
60 uses a fatal cancer risk factor value of 0.05 for public
exposure [4,32].
The mean estimated excess lifetime cancer risk
(ELCR) values are 0.56 ±  0.10, 0.52 ±  0.10, 0.67 ±  0.14
and 0.68 ±  0.14 Svy−1 for the Enerhe, Ajamogha,
Water Resources and Effurun Zones, respectively,
while the mean values for the Jeddo, PTI road, East-
West/Sapele Road zones are 0.56 ±  0.14, 0.53 ±  0.14,
0.52 ±  0.14 and 0.81 ±  0.21 Svy−1, respectively, with
an overall mean excess lifetime cancer risk (ELCR) of
0.61 ±  0.14 Svy−1. The average ELCR value obtained
in the current study area is less than the world average
value of 0.29 ×  10−3 mSvy−1 [32]. This ELCR value
indicates that the chance of contracting cancer by resi-
dents of the study area who will spend all of their lives
in the city is not likely from BIR exposure.
3.1.5. The  effective  dose  rate  (Dorgan) in  mSvy−1 to
different body  organs  and  tissues
The effective dose rate to a particular organ can be
calculated using the relation [33]:
Dorgan (mSvy−1) =  O  ×  AEDE ×  F  (6)
where AEDE is annual effective dose, O  is the occupancy
factor 0.8 and F  is the conversion factor for organ dose
from ingestion.
The calculated effective dose rates delivered to thePlease cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
different organs are presented in Fig. 2, with the F  val-
ues for lungs, ovaries, bone marrow, testes, kidneys, liver
and whole body being 0.64, 0.58, 0.69, 0.82, 0.62, 0.46
and 0.68, respectively, as obtained from ICRP [34]. The PRESS
ty for Science xxx (2016) xxx–xxx
model of the annual effective dose to organs estimates
the amount of radiation intake by a person that enters and
accumulates in various body organs and tissues. Seven
organs and tissues were examined, and the results show
that the testes received the highest dose, with average
values of 0.11 mSvy−1, while the dose was found to be
lowest in the liver, with average values of 0.06 mSvy−1.
These results indicate that the estimated doses to the dif-
ferent organs examined are all below the international
tolerable limits on dose to the body organs of 1.0 mSv
annually. The relatively higher dose to the testes and low
dose intake to the liver is justified by the food nutrient
absorption rate [33,35]. This result shows that expo-
sure to BIR levels in the Warri metropolis contributes
insignificantly to the radiation dose to these organs in
adults.
Our results show an elevation of the radiation expo-
sure level, equivalent dose rate, absorbed dose rate and
annual effective dose equivalent rate in the study area –
especially in the industrial zone – compared to other parts
of the world; however, these values may not constitute
any immediate health risk to the residents of Warri city.
Nonetheless, there may be a likelihood of future, long-
term health risks for the populace living in the urban
mix areas and for those working for long periods (more
than eight hours per day over a period of 30 years) in the
industrial zone of Warri city.
4.  Conclusions
A study of the terrestrial background ionizing radia-
tion levels of Warri city to estimate the associated excess
lifetime cancer risk has been carried out. The following
conclusions were drawn from the present study:
• The study revealed that the background ionizing radi-
ation levels of the areas exceed normal BIR levels and
have been impacted by human activities in the study
area.
• The calculated equivalent dose rate, absorbed dose
rate and annual effective dose equivalent rate in
the study area – especially in the industrial zone –
exceeded the radiation safety limit of 1.0 mSvy−1 rec-
ommended by UNSCEAR (2000). These values are
also higher compare to values obtained in other parts
of the world.
• These elevated values may not constitute any imme-s lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
diate health risk to the residents of Warri city.
• The estimated excess lifetime cancer risk revealed that
the chance of contracting cancer for residents of the
study area who will spend all of their lives in the city is
 IN+ModelJ
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low, and the effective doses from the current exposure
rate to the adult organs investigated are insignificant.
 The author cautions against prolonged exposure in the
urban mix areas and the industrial zone to avoid future
health risks.
 The ALARA (as low as reasonably achievable) prin-
ciple is recommended for the companies operating in
Warri city.
cknowledgements
The author wishes to thank the Ministry of Town
lanning for providing the needed information for the
elineation of the city and also wishes to thank the Local
overnment Councils for their cooperation.
eferences
[1] Nigeria Population Commission (NPC), Population distribution
by age and sex. Federal Republic of Nigeria 2006, Population and
housing census. Priority Table, vol. IV, 2010.
[2] S. Murugesan, S. Mullainathan, V. Ramasamy, V. Meenakshisun-
daram, Radioactivity and radiation hazard assessment of Cauvery
River, Tamilnadu, India, Iran. J. Radiat. Res. 8 (4) (2011)
211–222.
[3] National Research Council (NRC), BEIR VII PHASE 2. Health
risks from exposure to low levels of ionizing radiation. National
Research Council of the National Academics, The National Aca-
demics Press, Washington, DC, 2006, ISBN 0-309-53040-7.
[4] M. Rafique, U.R. Saeed, B. Muhammad, A. Wajid, A. Iftikhar,
A.L. Khursheed, A.M. Khalil, Evaluation of excess life time can-
cer risk from gamma dose rates in Jhelum valley, J. Radiat. Res.
Appl. Sci. 7 (2014) 29–35.
[5] G.O. Avwiri, E.O. Agbalagba, P.I. Enyinna, Terrestrial radiation
around oil and gas facilities in Ughelli Nigeria, Asian Network
for Science Information, J. Appl. Sci. 7 (11) (2007) 1543–1546.
[6] C.K. Foland, T.K. Kirland, K. Vinnikoov, Observed Climate Vari-
ations and Changes (IPCC Scientific Assessment), Cambridge
University Press, New York, 1995, pp. 101–105.
[7] N.N. Jibiri, A.O. Mbawanku, A.A. Oridate, C. Ujiagbedion, Nat-
ural radionuclide concentration levels in soil and water around
cement factory, Ewekoro, Ogun state, Nigeria, Nig. J. Phys. 11
(1999) 12–16.
[8] I.P. Farai, N.N. Jibiri, Baseline studies of terrestrial outdoor
gamma dose rate levels in Nigeria, Radiat. Prot. Dosim. 88 (2000)
247–254.
[9] L.E. Akpabio, E.S. Etuk, K. Essian, Environmental radioactive
levels in Ikot Ekpene Nigeria, Nig. J. Space Res. 1 (2005) 80–87.
10] E.O. Agbalagba, G.O. Awviri, Y.E. Chad-Umoren, Occupational
radiation profile of oil and gas facilities during production and off-
production periods in Ughelli, Nigeria Facta Universitis; Working
and Living Environmental Protection, vol. 6(1), 2009, pp. 11–19.
11] E.O. Agbalagba, R.K. Meindinyo, Radiological impact of oil
spilled environment: a case study of the Eriemu Well 13 and 19Please cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
oil spillage in Ughelli region of Delta state, Nigeria, Indian J. Sci.
Technol. 2 (2010) 1001–1005.
12] G.O. Avwiri, E.O. Agbalagba, Studies on the radiological impact
of oil and gas activities in Oil Mineral Lease 30 (OML3) oil
[ PRESS
ty for Science xxx (2016) xxx–xxx 13
fields in Delta State, Nigeria, J. Petrol. Environ. Biotechnol. 3
(2) (2012) 1–8 www.omicsonline.org/2157-7463/pdfdownload.
php?download.
13] J.C. Osimobi, E.O. Agbalagba, G.O. Avwiri, C.P. Ononugbo,
GIS mapping and Back-ground Ionizing Radiation (BIR) assess-
ment of solid mineral mining sites in Enugu State, Nigeria,
Open Access Lib. J. 2 (2015) e1979, http://dx.doi.org/10.4236/
oalib.1101979.
14] N.O. Ayaji, A.A. Laogun, Variation of environmental gamma
radiation in Benin with vertical height, Nig. J. Space Res. 2 (2006)
47–54.
15] G.O. Avwiri, J.F. Egieya, P.O. Chinyere, Radiometric survey of
Aluu Landfill, in rivers state, Nigeria, Adv. Phys. Theor. Appl. 22
(2013) 24–30.
16] National Council on Radiation Protection and Measurements
(NCRP), Limitation of exposure to ionizing radiation, NCRP
report No.116. March Nobel, B.J. 1990. An introduction to radi-
ation protection, Macmillan family Encyclopedia, 2nd ed., 1993,
pp. 16–118.
17] H.M. Diab, S.A. Nouh, A. Hamdy, S.A. El-Fiki, Evaluation of
natural radioactivity in a cultivated area around a fertilizer factory,
J. Nucl. Radiat. Phys. 3 (1) (2008) 53–62.
18] K.A. Kabir, S.A.M. Islam, M.M. Rahman, Distribution of
radionuclides in surface soil and bottom sediment in the dis-
trict of Jessore, Bangladesh and evaluation of radiation hazard, J.
Bangladesh Acad. Sci. 33 (1) (2009) 117–130.
19] K.A. Zarie, K.S. Al Mugren, Measurement of natural radioactivity
and assessment of radiation hazard in soil samples from Tayma
area (KSA), Isotope Radiat. Res. 42 (1) (2010) 1–9.
20] B. Senthilkumar, V. Dhavamani, S. Ramkuma, P. Philominathan,
Measurement of gamma radiation levels in soil samples from
Thanjavur, using -ray spectrometry and estimation of population
exposure, J. Med. Phys. 35 (2010) 48–53.
21] International Commission on Radiological Protection (ICRP),
The 41990-91 recommendations of the International Commis-
sion on Radiological Protection, Publication 60. Ann ICRP 21,
1-3.S, 1990.
22] A.M. Arongunjo, I.P. Farai, I.A. Fuwape, Impact of oil and gas
industrial to the natural radioactivity distribution in the delta
region of Nigeria, Nig. J. Phys. 16 (2004) 131–136.
23] M. Rafique, Ambient indoor/outdoor gamma radiation dose rates
in the city and at high altitudes of Muzaffarabad (Azad Kashmir),
Environ. Earth Sci. 70 (4) (2013) 1783–1790.
24] M. Rafique, M. Basharat, R. Azhar Saeed, S. Rahamn, Effects of
geological and altitude on the ambient outdoor gamma dose rates
in district Poonch, Azad Kashmir, Carpathian J. Earth Environ.
Sci. 8 (4) (2013) 165–173.
25] A. Clouvas, S. Xianthos, M. Antonopoulos-Domis, Radiological
map of outdoor and indoor gamma dose rates in Greek urban areas
obtained by in situ gamma spectrometry, Radiat. Prot. Dosim. 112
(2) (2004) 267–275.
26] United Nationals, Sources and Effects of Atomic Radiation
(UNSCEAR), Sources and effects of ionizing radiation. United
Nations Scientific Committee on the effect of atomic radiation,
Report to the General Assemble, Annex B exposure from natural
radiation sources, United Nations, New York, 2000.
27] F.S. Erees, S. Akozcan, Y. Parlak, S. Cam, Assessment of dose
rates around Manisa (Turkey), Radiat. Meas. 41 (5) (2006)s lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
593–601.
28] K. Chikasssawa, T. Ishil, H. Sugiyama, Terrestrial gamma radi-
ation in Kochi Prefecture, Japan, J. Health Sci. 47 (4) (2001)
362–372.
 IN+Model
niversi
[
[
[
[
[
[ARTICLEJTUSCI-297; No. of Pages 14
14 A.O. Ezekiel / Journal of Taibah U
29] A. Amekudzie, G. Emi-Reynolds, A. Faanu, E.O. Darko,
A.R. Awudu, O. Adukpo, L.A.N. Quaye, R. Kpordzro, B.
Agyemang, A. Ibrahim, Natural radioactivity concentration
and dose assessment in shore sediments along the coast of
Greater Accra, Ghana, World Appl. Sci. J. 13 (11) (2011)
2338–2343.
30] United Nationals, Sources and Effects of Atomic Radiation
(UNSCEAR), Report to the General Assembly with Scientific
Annexes, United Nations, New York, 1993.
31] K.S. Al Mugren, Assessment of natural radioactivity levels andPlease cite this article in press as: A.O. Ezekiel. Assessment of exces
and Warri city of Delta state, Nigeria, J. Taibah Univ. Sci. (2016), h
radiation dose rate in some soil samples from historical area, Al-
Rakkah, Saudi Arabia, Nat. Sci. 7 (2015) 238–247.
32] H. Taskin, M. Karavus, P. Ay, A. Topuzoghi, S. Hindiroglu, G.
Karaha, Radionuclide concentrations in soil and lifetime cancer
[ PRESS
ty for Science xxx (2016) xxx–xxx
risk due to the gamma radioactivity in Kirklareli, Turk. J. Environ.
Radioactiv. 100 (2009) 49–53.
33] Z.Q. Ababneh, K.M. Aljarrah, A.M. Ababneh, A.M. Alyassin,
Measurement of natural and artificial radioactivity in powder milk
corresponding annual effective dose, Radiat. Prot. Dosim. 138 (3)
(2010) 278–283.
34] International Commission on Radiological Protection (ICRP),
Age-dependent Doses to Members of the Public From Intake of
Radionuclides. Part5: Compilation of Ingestion and Inhalation
Coefficients ICR Publication 72, Pergamon Press, Oxford, 1996.s lifetime cancer risk from gamma radiation levels in Effurun
ttp://dx.doi.org/10.1016/j.jtusci.2016.03.007
35] World Health Organization (WHO), Guideline for drinking water
quality: measurement of natural and artificial radioactivity in
powder milk corresponding Annual Effective Dose Radiation
Protection Vol. 1 Recommendations Geneva, 1993.
